Abstract. TV can be regarded as the most far-reaching media in Brazil. Its presence is noticed in 90% of Brazilian homes and it is the main source of information for a major part of the population. The moment of definition and consolidation of the digital TV technology provides us with a unique opportunity for analyzing and discussing this media accessibility. Making sure that TV contents and devices are flexible enough so that people are able to perceive, understand and interact with them is a main asset for its use and an essential requirement for the democratization of information via TV broadcasting. This paper analyzes interactive digital TV accessibility in informal, formal, and technical levels, considering the Brazilian context. In addition, it presents recommendations to design accessible interfaces by referring to the W3C guidelines 2.0 for Web accessibility and specific recommendations for iDTV.
Accessibility, Universal Design and Television
The term accessibility is commonly associated with the commitment to improve the quality of life to the elderly as well as to people with disability (e.g. perceptual, cognitive, motor, multiple impairment), as they generally feel a direct impact from obstacles in different environments, products, and services [2] [5] [19] [23] . Nevertheless, accessibility considered as the possibility of reaching certain physical spaces, information, products and services, is concerned with quality of life for every human being.
For a more inclusive society, able to acknowledge the differences among people, it is even more important that proposals for the accessibility of people with specific needs be connected to the promotion of the quality of life for everyone [9] [19] [23] [31] . Thus, people with different abilities, whether resulting from aging and disability or not, will benefit from accessible products and services, which do not discriminate them.
Accessibility is directly related to usability and, furthermore, to quality in use of computer systems [3] [4] [19] . Access and use of Information and Communication Technology (ICT) has received different names within the Human-Computer Interaction field: Universal Accessibility, Universal Usability, Inclusive Design, User Interfaces for All [13] [23] [30] [31] . This approach to design does not imply the development of a unique solution for everyone [31] . It implies the proposal of flexible solutions involving a wide understanding of the role that these systems are supposed to play in the society, the acknowledgment of diversity of contexts and situations in which technology is employed, besides the participation of users in design and evaluation activities [19] .
Federal Brazilian laws in effect [2] define accessibility as the possibility for persons with disability to access and use any physical means, communication media, products and services. TV programs are formally considered as accessible as long as they follow the Standard NBR 15290:2005 [2] established by the Brazilian Association of Technical Standards (ABNT). Along with other regulations in effect [5] [20] , this norm is based on the provisioning of assistive services by TV manufacturers and broadcasters: closed caption, audio description, dubbing and sign language window (in Brazil, the Brazilian Sign Language -LIBRAS).
Although the current regulations demand the provisioning of these services, unofficial discussion lists point out that users, mainly those with disabilities, who count on such resources as the only way to access information on TV, question the amount and quality of information made available.
Interactive Digital TV Accessibility: A Preliminary Analysis
Organizational Semiotics (OS) [17] has guided our research about iDTV and its artifacts have been used as analytical tool. [27] . Through OS, every technical system is within the core of a socio-organizational context and surrounded by the formal and informal layers of the society or the social organization. Thus, the technical systems are under the influence of both formal and informal levels and, at the same time, they have an impact on them. The relations among the informal, formal, and technical levels of the information system are explained through the metaphor known as the "organizational onion". Figure 1 presents one of the OS artifacts, the semiotic onion, which gives an accessibility overview involving the informal, formal, and technical levels of access to information in the Brazilian iDTV. 
Informal Level -Subsidies
This level comprises information which does not formally fall upon the accessibility issue in the Brazilian iDTV, though they are able to support a solution proposal:
• The content production and delivery guidelines and recommendations, as well as the principles of iDTV interface development, which are used around the world.
• Existing international norms and standards, which may be a source of reference for the Brazilian proposal.
• The experience of Brazilian users with other interactive artifacts, such as DVD, computers, cellular phone, and even with the interactivity available on pay TV. In several European countries, and other nations where the use of digital TV interactivity is consolidated, some ways of dealing with accessibility issues have been established. Nevertheless, formal norms do not exist and there are few recommendations to approach accessibility beyond audio-visual features.
In Portugal, when the digital terrestrial TV was expected to start operations in 2001, an initiative to create guidelines for subsidizing specific accessibility regulations was launched. Among other things, the guidelines suggested that digital TV receivers should be compatible with technology to support citizens with special needs. Such technology included adapted remote control, special keyboard and mouse, screen readers, voice synthesizers, and Braille terminals [7] . As the digital terrestrial TV operation was delayed in the country, this discussion was postponed.
The United Kingdom concentrates the major efforts regarding guidelines for accessible user interface designs on iDTV. The Royal National Institute of Blind (RNIB) defined a set of user interface requirements for digital TV receivers regarding presentation, browsing, and remote control. Although these requirements have been set for persons with visual disabilities, they include universal usability and accessibility principles [28] . RNIB is also one of the organizations responsible for , a font specifically created to increase readability in digital TV text. It has also provided a set of recommendations for iDTV accessible user interface design, including colors, texts, and even tips regarding tests with users [32] . The Consumer Expert Group in the UK has gathered this and other recommendations -including World Web Consortium (W3C) guidelines -in a report aimed at helping the government to ensure that the digital TV equipment is also appropriate for the elderly and physically impaired people [9] .
The similarity between the currently available actions related to interactive TV and Internet services (e.g.: browsing and data input) as well as the convergence between the two media [28] can lead to the appropriation of Web accessibility knowledge that has already been acquired, even though adjustments may be necessary. Since 1999, the W3C Web Content Accessibility Guidelines 1.0 [34] has been a reference for the development of accessible websites. Currently, the 2.0 version of the guidelines has a multimedia approach involving new technologies, which surpass the scope of the Web [35] . In addition to the recommendations concerned with content accessibility, a few others have been defined for the user agents (e.g., Web browsers and assistive technologies), which also comprise the TV receivers that, among other things, are responsible for content presentation and browsing. The new set of guidelines was grouped under four principles considered essential to access and use of the Web by anyone: the content must be perceivable; interface components in the content must be operable; content and controls must be understandable; content must be robust enough to work with current and future user agents, including assistive technologies.
Formal Level -Norms
The Brazilian current regulations concern the formal level of information on iDTV. The use of accessibility resources and technical artifacts on analog TV broadcasting is regulated by a hierarchical set of laws and norms as represented by Figure 2 . Regulations [5] [20] govern the transition from analog to digital terrestrial broadcasting, except for cable and satellite TV services, which in some cases are already digital and interactive in Brazil. For this reason, an initiative [21] has been launched to request changes to Decree-law 5.296/04 so that the guidelines can be extended to payable TV.
TV interactivity is mentioned in Supplementary Standard 01/2006 [20] : "allowing the addition of sentences in Portuguese, so that persons with visual and intellectual disabilities can select the desired menu options and interactive features in an independent way". We understand that those interactive features are related to the applications transmitted or embedded in the receiver. In addition, new technical possibilities are taken into consideration in this Standard "to allow the optional use of the LIBRAS window in all TV programming".
The year 2017 is the deadline for making the daily programming fully accessible, when it is expected that digital TV will be present in the majority of homes in Brazil. ABNT NBR 15290:2005 Technical Standard [2] provides guidelines for producing and delivering accessible content that apply to all TV broadcasters and producers, including cable, satellite, IP and digital broadcasting TV. An analysis of this regulation indicates that the digital technology potential has not been fully explored in regard to accessibility and some possibilities have not been taken into consideration, such as using multiple audio streams for a single video; sharing the broadcast channel to deliver simultaneously different audio-visual content; using different closed captioning presentations, among others. As occurs with international standards, aspects related to the design of interactive applications interfaces are not addressed in the Brazilian standard, such as options to allow changing color, font type, text size and positioning.
Focusing on the production and delivery of assistive services, both Brazilian and international laws and standards are addressed to persons with disabilities. However, the iDTV accessibility concept should go further, benefiting much more people.
Technical Level -Possibilities
Accessible iDTV applications depend on receiver features. In addition, existing analog TV customization solutions and services can be extended to iDTV.
W3C guidelines for Web accessibility are based on consolidated and standardized technologies, such as HyperText Markup Language (HTML) and Cascade Style Sheet (CSS), helping developers adequately encode and separate a page structure from its presentation [18] . To accomplish accessible iDTV applications, the receiver has to be prepared for it: both hardware and software must comply with specific standards and assistive technologies. If declarative language is supported -a markup language (HTML, for example), that uses a presentation engine -an interactive application implementation can be similar to the development of a Web page, making it easier to comply with W3C recommendations and helping developers to work at a higher level of abstraction. However, if the receiver contains an execution engine (procedural middleware), using JAVA language for example, the implementation of accessible applications is also possible, but developers will need to take extra care and implement for each new application some accessibility resources already included in the presentation engine. In this case, it is important to standarize a set of Application Programming Interfaces (APIs) for the procedural middleware, optimizing the developers work and enabling the interoperability among multiple receiver models or among different TV platforms [10] .
Digital TV opens up a whole range of new possibilities in terms of implementation and improvement of existing analog TV assistive services offered: − Closed caption: Digital TV enables new functions to subtitling such as the option to change font style, color and size, the use of transparence or change the color of the subtitle background, the use of icons or small graphics in the text [10] . − Audio description: Multiple audio streams can be used for a single video, making it possible the combination of audio description and original sound or dubbing. Some receivers can send audio description to a headphone and the original sound to the conventional TV audio output. Taking into account the multimedia nature of iDTV, the audio description concept could be extended, so that non-textual output could be produced for the remaining textual or graphic elements through the use of assistive techonologies. − LIBRAS window: In analog TV transmission, the LIBRAS window occupies part of the screen. In many cases, however, the window is not large enough to allow the user to read all body language signs and cues required by the sign language. It is necessary to investigate ways of implementing optional LIBRAS window and to realize a feasibility analysis of automation of sign language generation with human figures and avatars. TV personalization -the method that captures the user's profiles, in order to use them to search or to show a specific data [1] [15] -could be used to meet the needs of different users or user groups or receivers, for example, storing preferences as text size, color combination, warnings, etc in a Smart Card [12] . Although it is a trend around the world, implementing TV personalization would generate extra costs on the receiver. For this reason and considering the user experiences in this moment of transition, it is still important to consider TV as a collective medium to propose an accessibility solution to Brazil.
Recommendations for Accessible Services through iDTV
An accessible iDTV solution should not be limited to assistive services. It should be taken into consideration the TV content, the artifacts used for the interaction with the user, such as a receiver and a remote control, and last, but not least, the user's expectations and experiences related to the use of interactive artifacts. Based on this fact and considering the Universal Design proposal -to promote the design of widely usable and accessible products and environments and the development of solutions that support assistive technologies -this section offers a summary of the main factors to be considered in the iDTV context and suggests recommendations for the interaction design, which involve both technical and social factors resulting from the previous analysis.
The triad: user, remote control and receiver
Surveys conducted with visually impaired persons in the United Kingdom showed which particular functions they would like to have implemented on TV: the option to change text size and combination of colors; the possibility of adding extra time to review information and removing available functions, to name a few [12] . In order to propose the development of services and artifacts suitable for all users, it is essential to know and identify the needs of the population as a whole, including persons with disabilities. Interviews, ethnographic methods, usability evaluation, semiotic analysis and even inclusive design methodologies [19] can be applied.
In Brazil, where a large section of the population has a low level of education and digital literacy and has never had access to interactive services on TV, it is absolutely necessary to find ways to identify the user experience with other artifacts, to understand how this experience can be reflected in the use of iDTV and also to know the population's expectations in regard to this media.
Although the remote control is the main device to interact with iDTV, many users restrict its use to the channel search by going up and down and by using the number buttons [11] . The high level of complexity and inconsistency in user interfaces are some of the common problems of remote control [24] . Some researchers point out the importance of establishing a standard or a convention for the use of the remote control buttons so that the user could associate the functionality with the button position [9] [12] [16] .
To achieve an accessible iDTV, the content should be delivered to the user under the Universal Design perspective and the receiver should be prepared to use the technical artifacts. Although Brazil has chosen the ISDB Japanese standard for terrestrial transmission, the receiver middleware has not been defined yet. Whatever technical and market solution is adopted, it is essential to consider and establish standard accessibility requirements. Nevertheless, support to assistive technologies, personalization and other functions can incur additional manufacturing costs on the receivers.
Recommendations for iDTV Interface Design
Brazil, as well as other countries, presents gaps on formal, informal and technical levels in establishing criteria to design accessible iDTV interfaces and to provide receiver compatibility with assistive technologies.
Recommendations for iDTV interface design presented in Table 1 take as reference W3C Web Content Accessibility Guidelines 2.0, as well as other specific iDTV accessibility recommendations [29] [32] [9] , including comments regarding the Brazilian context. Besides highlighting the need to be compatible with assistive technologies, W3C guidelines also include part of iDTV recommendations, excepted by some iDTV specificities. Table 1 was organized under the four principles defined by W3C guidelines. Specific recommendations for iDTV are primarily based on RNIB [29] followed by Tiresias [32] and The Consumer Expert Group [9] . Frequently, there are similarities between references, because they use the same research basis. Each iDTV specific recommendation was classified according to W3C 2.0 Guidelines or considered as being supplementary. Some comments are presented as a contextualized analysis of both guidelines and its relation to the Brazilian formal level on iDTV and Nielsen's Heuristics [25] . From the Ten Usability Heuristics, seven were identified showing the association between accessibility and usability. Results of the analysis and assistive services found in the Brazilian norms are summarized in the Analysis column.
Although remote control is a key-element for TV interactivity design, such device was not included due to limitation and scope of this paper. The resulting recommendations do not intend to be exhaustive regarding usability and accessibility issues; they intend to support design decisions. Compliance with other guidelines. W3C describes 3 implementation success levels. All content must have at least level 1 implemented. A set of minimum requirements must be defined to iDTV.
This wider set of recommendations is beyond design issues. Most part of recommendations should be understood as receiver requirements for the iDTV Brazilian solution, in order to support accessible contents and applications execution. Moreover, according to W3C presentation and content separation practice, such recommendations can also optimize compatibility of iDTV contents with other devices, such as mobile terminals and the Web.
Conclusions
Unlike analog TV, an accessible iDTV solution should not be restricted to assistive services. It should consider the TV content, the artifacts used for the interaction, such as a receiver and a remote control and the user's expectations and experiences related to the use of interactive artifacts.
Technically, the content should be delivered to the user under the Universal Design perspective and the receiver should be prepared to use the artifacts. At present, when iDTV technology is being defined in Brazil, there is a unique opportunity for the accessibility of this media to be discussed and implemented according to the population's needs within its widest extension. This paper presented and discussed the results obtained from an iDTV analysis regarding the iDTV informal level subsidies, the formal level presented according to the norms in effect, and the level of possibilities derived from technical issues. Moreover, based upon the W3C guidelines and the specific recommendations for iDTV, it has synthesized a set of recommendations for iDTV accessibility within the Brazilian scenario.
In continuity of this work, we intend to validate the set of recommendations in iDTV applications for e-Gov, within an inclusive design scenario. As design standards start to be considered, inclusive practices would be helpful in verifying the recommendations more effectively -before their consolidation takes place.
